The dynamics of fauna in coastal ecosystems are influenced by seasonal patterns in the oceanographic environment. It is well known that the monsoon along south-west coast of India influences the movement and spawning of fishes. Thus, they have direct effect on the richness, abundance and evenness of fish diversity in the ecosystem. This study investigates how the monsoon affects the commercial gillnet fishery along the coast of Goa. Fishing experiments were conducted in popular gillnet fishing grounds and the temporal pattern in diversity indices between October 2013 and September 2014 was assessed. A total of 124 fish species (40 families), 16 crustacean species (4 families) and 9 molluscan species (8 families) were recorded. The species diversity was found to be significantly different during the monsoon season and the species abundance distribution followed a geometric series during this period indicating signs of ecosystem perturbations. The economic and biological aspects of gillnet fishing in relation to the monsoon season in Goa are also discussed.
Introduction
Coastal ecosystems are complex adaptive systems composed of interconnected groups of living organisms and their habitats (Levin and Lubchenco, 2008) . The seasonal reversal of winds in the Arabian Sea, termed as 'south-west monsoon' results in heavy precipitation along the west coast of India during June to September (Rao, 1976) . The monsoon mediated environmental fluctuations in the coastal ecosystem affect the movement and spawning activities of aquatic species (James, 1992) and thus influence the diversity of fish species (Tremain and Adams, 1995) . The coastal fauna, especially fish assemblages are historically being used as indicators of ecosystem health (Ujevic et al., 2000; Carrasco et al., 2003; Prego and Cobelo-Garcia, 2003) . Fish assemblages often experience temporal variations in species diversity, in terms of richness (the number of species), abundance (the biomass of species) and evenness (the homogeneity of species across spatial and temporal scales). If the abundance is very high for a few species, the species diversity deviates away from evenness (Preston, 1948) . Thus, the higher richness and evenness show rich diversity of the aquatic species in the coastal ecosystem. Several researchers have used numerical indices to measure the dynamics of richness (e.g. Margalef's index), evenness (e.g. Heip's index) and overall diversity (e.g. Shannon index), particularly for the assessment of seasonal patterns in fish diversity (Schooley, 1977; Blaber and Blaber, 1980; Gilmore, 1988; Tremain and Adams, 1995) . Exploring the seasonal variation in species diversity will help to understand the effect of external perturbations on coastal ecosystems (De Ben et al., 1990) . The current investigations are based on the Siridao coast in the mouth of Zuari Estuary, one of the major estuaries of Goa opening to the Arabian Sea (Fig. 1) . The margins of Zuari Estuary have dense mangrove vegetation filled with silt, clay and detritus transported by riverine influx from upper reaches. The marshy areas extend for a distance of 4 km and remain inundated during the high tide. The entire mudflats along with mangrove vegetation make the region highly productive, supporting large numbers of economically important fish species (Ansari et al., 1995) . Siridao has the maximum precipitation during the south-west monsoon accompanied by stormy weather, while quieter conditions prevail during the rest of the year (Ansari et al., 1995) .
The entire coastal zone of Siridao has a bed of rocky patches (which makes it unsuitable for trawling) and hence gillnet fishery accounts for the majority of the landed catch. The Siridao region holds a medium fish landing centre which lands an average of 300 t of catch per year (Table 1 ; Anon., 2014) . The gillnet fishery is a traditional subsistence activity along the Siridao coast with catches consisting of fish and shellfish groups (Anon. 2014) . Seasonal fluctuations in the environment may have an impact on the fish diversity along the Siridao coast. The present study monitors the fish diversity of Siridao and attempts to understand the temporal changes in diversity indices that occur during the months of monsoon. Based on these results, we discuss the effect of monsoon on fish populations and the gillnet fishery of Goa.
Materials and methods

Sampling and data collection
Fishing experiments were conducted along the Siridao coast on a monthly basis to study the seasonal fish diversity between October 2013 and September 2014. A total of four spatial locations were chosen for fishing, after consulting researchers, fishermen and other stakeholders in the fishing industry, to locate regions that are commonly used for commercial gillnet operations (Fig. 1) . A total of 36 fishing experiments were carried out, three each in a month, the day being selected randomly every 10 days. The experiments were carried out using hired commercial motorised fishing crafts. Bottom set gillnets of 30 mm mesh size (minimum legal mesh size for gillnet) having 400 m length (commonly used by the industry) were used for the whole experiment period. Siridao coast has a depth profile ranging from 3-5 m (Qasim and Sen Gupta, 1981) and hence the fishing experiments were carried out at 4 m average depth. The fishing experiments were set to operate for 2 h since most commercial gillnets are operated between 2-3 h of duration (Pillai et al., 2000) .
Fish and shellfish fauna collected during the study were identified to the genus and species levels. The fish species observed were categorised into different resource groups (Table 2) according to the classification given by ICAR-Central Marine Fisheries Research Institute (CMFRI, 2013) . To classify and determine the effects of monsoon, we divided the months into three viz., pre-monsoon (February to May), monsoon (June-September) and post-monsoon (October to January) seasons (Shamsan, 2008) . Further, the species/resource group data were pooled across different seasons for evaluating the differences in their diversity indices.
Diversity indices
The resource group data were analysed using the diversity indices to measure the species abundance, richness and evenness in the ecosystem. Dominance index (D) (Simpson, 1949) , Shannon Index (H) (Shannon and Weaver, 1948 ), Heip's Evenness Index (E) (Heip, 1974 ) and Margalef's Richness Index (M) (Clifford and Stephenson, 1975) were the diversity indices used in this study. All diversity indices were tested using ANOVA to determine whether they are significantly different between the seasons and the sites used for fishing experiments.
Percentage similarity index (PSI)
To compare the species composition between seasons, we computed the quantitative percentage similarity index (Whittaker and Fairbanks, 1958) . This index reflects the similarity in percentage abundance of different species between seasons. The PSI close to 100 indicates the highest similarity. The index is computed from the following equation. where 'P iA ' is the proportion of the i th species in season A and 'P iB ' is the proportion of the i th species in season B. After obtaining the PSI values, Wilcoxon's signed rank test (T S ) was used to statistically examine whether the difference in species composition between seasons are significant or not. If T S >1.96 at 5% level of confidence (p<0.05), this indicates a significant difference in species composition between the seasons.
Species abundance distributions
The number of samples obtained for each species during fishing experiments was considered as their relative abundance in the ecosystem. Statistical models make assumptions about the probability distributions of species abundance in an ecosystem (Taylor et al., 1976) . In the present study, we used four distribution models namely broken stick, geometric, log-series and log-normal models for comparing the species abundance between seasons (May, 1975) .
Broken-stick model:
This species abundance distribution is given by the probability density function: In this model, a limiting resource is compared with a stock, broken in 's' parts at 's-1' randomly located points. The length of the parts is taken as representative for density of the 's' species subdividing the limiting resources if 's' species are ranked according to abundance. Expected abundance of species 'i', N i is given by: Sreekanth et al. Geometric series: This distribution assumes that a species pre-empts a fraction 'k' of a limiting resource, a second species the same fraction of k of the remainder and so on. If the abundances of species are proportional to their share of resource, the ranked abundance list is given by a geometric series as follows: where 's' is the number of species in the sample. It yields a straight line on a plot of log (abundance) against rank.
Log-series distribution:
The log-series is used to describe species abundance distributions in large collections. The expected number of species with 'r' individuals, E r is given by: The broken-stick model is normally used as a test null model which assumes too even distribution of individuals over species (Frontier, 1985) . The communities in disturbed environments follow the geometric series with uneven and high dominance for a few species (Whittaker, 1972) . The log-series model assumes observed species abundance as a result of immigration, emigration, birth and death processes, and not by competition, predation or other specific biotic interactions (Casewell, 1976) . The log-normal model consider both intra-and inter-specific interactions with a normality assumption of species abundance distribution (May, 1975) .
To fit the species distribution models, the abundances were first log transformed using equation (9) 9) where 'Y' is the log transformed abundance, 'X' is the absolute abundance of the species and 'X+1' was used to accommodate the zero observations. The log transformed abundance data was ranked from '1' to 's' (the total Effect of monsoon on fish diversity where, r =1, 2, 3... α (>0), is a parameter independent of the sample size for which 'X' (0<X<1) is the representative parameter. The parameters 'α' and 'X' can be estimated by maximum likelihood method.
Log-normal distribution:
The log-normal distribution for species abundance distributions is assumed in natural systems because of the multiplicative interaction effect of independent environmental factors on species abundance. The probability density function species abundance (y), ψ (y) is given by: number of species) in the descending order to evaluate the pattern of seasonal differences in the species abundance. The model fitting was carried out using PAST software (Hammer et al., 2001 ) and the goodness of fit was examined for the data in each season using Chi-square test at 5% level of significance.
Results and discussion
A total of 149 species comprising 124 finfish species (pelagic -53, demersal -71), 16 crustacean species and 9 molluscan species were collected during the study (Table 2 ). There was no significant difference in the diversity indices between different sites used for experimental fishing (Table 3 ). This could be because of their proximity indicating that similar habitats prevail in this region. Therefore, the data from all fishing sites were pooled together for further analysis. However, the diversity indices were significantly different for seasons (Table 3) . Hence the diversity of fish species is discussed based on their seasonal differences.
Seasonal fluctuations in diversity indices
The study revealed that the richness and evenness indices were least during the monsoon season (Fig. 2) . However, some species are tolerant enough to survive or cope with such environments prone to disturbances. This is clearly evident from dominance index (inverse of being diverse) where the values were highest during the monsoon period showing the dominance of some monsoon tolerant fish species. By the end of monsoon, the diversity of fish species eventually increased towards post-monsoon and thereafter to the pre-monsoon season (Fig. 2) . The highest number of fish species was found during the pre-monsoon period (Fig. 2) . The Shannon index and evenness index also indicated highest values during the pre-monsoon period (Fig. 2) .
Seasonal differences in species abundances
The species abundance for different seasons is presented in Fig. 3 , taking into account all those species with percentage abundance >5% of the catch. The abundance of commercial pelagic groups such as white sardine, whitebaits, mackerel, moustached anchovy, mullets, sardines, bigjawed jumper, silverbellies, stomatopods and penaeid shrimps were high during the monsoon season (Fig. 3) . However, comparatively fewer species groups were abundant during the post-monsoon (carangids and bony breams) and pre-monsoon seasons (shads and crabs). Since the dominance index was high during the monsoon season, majority of the fish catch comprised species with high relative abundance. During pre-monsoon and post-monsoon periods, only a few species were abundant due to high species diversity and evenness. Therefore, the species diversity was low during the monsoon season. Thus, both the diversity indices and absolute abundance agree with each other on their differences during the monsoon season.
Seasonal differences in species compositions
The PSI was calculated to measure the similarity in species composition between two seasons (Table 4) . The PSI values were 69.8% (monsoon and pre-monsoon), 71.28% (monsoon and post-monsoon) and 86.71% (post-monsoon and pre-monsoon) for different pairs of seasons. The PSI obtained for monsoon was significantly different from other seasons, indicating a substantial difference in species composition (Table 4) . However, there was no significant difference between the PSI of post-monsoon and pre-monsoon seasons (Table 4) . This result again complements our observations on species diversity and abundance during the monsoon season. 
Performance of species abundance distribution models
A qualitative visual assessment on shape of species abundance curves shows that the species abundance follows a log-normal distribution during all seasons (Fig. 4) . However, the species abundance curve for monsoon season appears distinct from pre-monsoon and post-monsoon seasons (Fig. 4) . The abundance of species during different seasons were compared for their fitness to different probability distributions (Table 5) . A quantitative assessment using chi-square test showed that the species abundance during monsoon season fitted better to a geometric series while for other seasons, it followed a log-normal distribution (Table 5 ).
The monsoon, post-monsoon and pre-monsoon seasons are characterised by unique changes in the current patterns, river discharges and temperature along the coastal regions (Shirodkar et al., 2012) . This induces changes in physico-chemical properties of coastal systems (Pradhan et al., 2009) .
Seasons vs. diversity
It has been reported that the dissolved oxygen (DO) fluctuates during the monsoon season due to turbulent river discharge (Shirodkar et al., 2012) . This could be the reason why species richness and evenness was low during the monsoon period. Also the most abundant resource groups during monsoon were the pelagic species which are relatively less impacted by fluctuating DO as they occupy the surface waters where oxygen transfer takes place continuously from the atmosphere. When compared to monsoon, comparatively stable values of DO will exist during the post-monsoon and pre-monsoon seasons (Shirodkar et al., 2012; Sreekanth et al., 2015) . Due to upwelling during the monsoon season, the nutrient influx will also get utilised during the post-monsoon period resulting in stable chlorophyll content and primary productivity. Hence, this will enhance the fisheries resources during the post-monsoon season (Madhupratap et al., 2001) . This is clearly observed in our results i.e., an increase in the number of species, Shannon index, Heip's evenness index and Margalef's index during the post-monsoon season.
In pre-monsoon, the temperature starts increasing and many environmental parameters such as solar radiation, DO, nutrients and primary productivity will be at an optimum level for spawning and reproductive activities. This triggers the monsoon intolerant fish species to migrate towards the inshore region, which thus leads to more diverse as well as evenly distributed taxonomic groups in the ecosystem (Madhupratap et al., 2001; Shirodkar et al., 2012) . The Shannon index, Heips evenness index and Margalef's index were highest during the pre-monsoon season in our study. This explains that the pre-monsoon period is expected to have species groups with rich diversity along the Siridao coast.
A comparison of species abundance curves showed that the brokenstick model did not fit to the species abundance in any season. This was expected because it assumes an even distribution of individuals over species which is rare to occur (Frontier, 1985) . The communities in harsh or disturbed environments follow the abundance of species in a geometric series with uneven and high dominance for few species (Whittaker, 1972) . The south-west monsoon is a disturbed phase which creates turbulence and disturbance in the coastal ecosystems (Madhupratap et al., 2001) . This disturbance in the monsoon season might be a reason for fitting of species abundance curve to geometric series in the current study. The log-series distribution has been fitted for a good number of communities previously (Williams, 1964; Kempton and Taylor, 1974) but, they are less flexible in comparison to log-normal models in accomodating species with high abundance values. Since the log-normal distribution considers the interaction of a large number of independent environmental factors on species abundance patterns (May, 1975) , this was found conceptually a better representational model for communities in pre-monsoon and post-monsoon seasons as they follow calm and undisturbed environments (Preston, 1948) . 
Impact of monsoon on gillnet fishery
In monsoon season, the richness and evenness of fish species will be decreased in coastal ecosystems due to low salinity by increased freshwater discharge from the rivers (Marais, 1982; Claridge et al., 1986; Sreekanth et al., 2015) . Moreover, during this season, the coastal fish species will move offshore from the inshore regions (Ansari et al., 1995) . Thus the coastal gillnet fishery will be affected by this movement, with a reduction of fish diversity in the landed catch. The low value pelagic fish groups constitute the major catch during the monsoon season (James, 1992) and the economic benefit is comparatively less for the fishermen. However, there will be a recession of flood water after the monsoon season and marine conditions will be re-established along the coastal regions. Hence, the coastal species return to inshore waters during the post-monsoon and pre-monsoon seasons. As a result, the fish diversity in gillnet catches will increase with high value diverse demersal fish species (Legendre and Demus, 1984; Krishnan Kutty, 1985) . This helps the fishermen to get better economic benefit during post-monsoon and pre-monsoon seasons.
Impact of monsoon on population biomass
Monsoon plays a significant role in the ecological cycle and productivity of the sea. The upwelling phenomenon as a result of monsoon winds is important for replenishing the nutrients in the surface layers towards the end of monsoon or after monsoon (James, 1992) . Heavy rainfall during monsoon also reduces the surface temperature and salinity of inshore waters. Many important pelagic species are known to breed during this period along the west coast of India (Qasim, 1973) . Environmental factors like low salinity, low temperature and nutrient rich surface waters during monsoon induce the primary productivity of coastal ecosystem and thereby, the plankton biomass which serve as a food item particularly for the larvae and juveniles of pelagic fish species (Subrahmanyan, 1967) . This also underlines the fact that a high concentration of pelagic species groups was observed during the monsoon season in the present study. Hence it is inferred that the monsoon season would support the replenishment and sustenance of certain fish groups that are mostly pelagic in nature.
Limitations and future study
The important limitation of the present study is the lack of temporal data on environmental and oceanographic parameters. This would have helped, considering their compounding effects on diversity indices of the gillnet fishery. This is an important research direction to be addressed by future investigations. Although the number of sampling sites was limited in this study the sites in the mouth of Zuari Estuary represent an important coastal ecosystem of Goa where major commercial gillnet operations are carried out. This is also the first report on diversity investigations that has been conducted to determine the effect of monsoon on commercial gillnet fisheries. The results in this study quantify the seasonal pattern in fish diversity and hence this can be used as a reference period for future research at Siridao coastal ecosystem.
